The objective of this study was to detect the association between ERCC excision repair 2, TFIIH core complex helicase subunit (ERCC2) gene polymorphisms and diffuse large B-cell lymphoma (DLBCL) susceptibility.
Background
Diffuse large B-cell lymphoma (DLBCL) is the most common type of non-Hodgkin lymphoma (NHL) in adults [1] . It is a malignancy of large B cells that is strongly invasive [2] . It can occur in any age, but it is usually diagnosed in older people. In recent years, the morbidity of DLBCL has increased within the aging population [3] . In China, it has a high morbidity and mortality rate [4] . Histological morphology, immune phenotype, and genetic characteristics of DLBCL had significant heterogeneity between patients [5] . DLBCL could originate from lymph nodes and extranodal sites [6, 7] . Pathogenesis of DLBCL is still clear, but it is confirmed that immune deficiency, medical system, lifestyle, environmental exposure, and genetic variation may contribute to the occurrence of DLBCL [8] [9] [10] [11] [12] [13] . Additionally, genetic factors are the basis for the disease heterogeneity and the therapy response [14, 15] . Therefore, gene polymorphisms play a crucial role in disease susceptibility. DNA is often damaged by endogenous or exogenous mutagenesis in cells, and if the repair for these damages is not timely, it may cause apoptosis or uncontrolled growth of cells [16] . Polymorphisms in the exon regions of DNA repair gene might alter the structure or activity of the protein, then lead to different cancers, including lymphoma [17] [18] [19] . ERCC excision repair 2, TFIIH core complex helicase subunit (ERCC2), also known as xeroderma pigmentousm complementation group D (XPD), is a protein which participates in the transcription-coupled nucleotide excision repair. Human ERCC2 gene is located at chromosome 19q13.32. Single nucleotide polymorphisms (SNPs), rs1799793 (Asp312Asn), and rs13181 (Lys751Gln) are respectively located in exon 10 and exon 23 of the ERCC2 gene. Previous studies indicate that they could alter DNA repair capacity of the protein [20] . ERCC2 rs1799793 and rs13181 SNPs have been widely explored in different cancers [21] [22] [23] . In spite of previous studies focused on the association of ERCC2 SNPs with DLBCL susceptibility, few studies have focused on this topic for the Chinese Han population. Therefore, we carried out this study; subgroup analysis based on different clinical features were also performed.
Material and Methods

Study participants
This case-control study was ratified by the institutional review board of Shenzhen Hospital, Southern Medical University. Written informed consent was signed by every participant prior to enrollment. The study protocol followed the Helsinki Declaration.
DLBCL patients who were hospitalized in Shenzhen Hospital, Southern Medical University were enrolled as participants in the case group. These patients were diagnosed by 2 pathologists using histopathologic examination, x-ray, magnetic resonance imaging (MRI), and routine blood examination [24] . Patients were all older than 18 years of age. Individuals who presented for healthy checkups in the same hospital were recruited as the controls; healthy individuals with histories of leukemia or lymphoma, immune or inflammatory diseases, or other tumors were excluded from the control group. The control group was matched with the case group by age and gender.
Sample collection and genotyping method
We collected 5 mL of peripheral blood samples from the elbow venous of the participants and stored the samples in EDTA tubes. TIANamp Blood DNA Kit (TIANGEN, Beijing) was used to extract the genomic DNA following the manufacturer's instructions. ERCC2 gene rs1799793 and rs13181 SNPs were genotyped by polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) as described in previous studies [25] . 
Statistical analysis
Results
Characteristics of participants
DLBCL patients in the case group included 78 males and 59 females with the mean age of 62.95±15.03 years. The control group included 83 males and 62 females, the mean age was 61.05±13.17 years old. No significant difference in age or gender was discovered between the case group and the control group (Table 1 , P>0.05), indicating that the age and gender were well matched. In addition, smoking and drinking had no significant difference between the case group and the control group (P>0.05).
In DLBCL patients, 80 patients had high serum LDH levels and 57 patients had normal LDH levels; 45 cases occurred in lymph nodes and 92 cases occurred in extranodal sites; and 50 patients had more than one nidus. In addition, 52 patients had B-symptoms (fever, weight loss, and night sweats); and 73 patients had Ann Arbor I or II stages and 64 patients had Ann Arbor III or IV stages. Based on the immunological types of DLBCL patients, 40 cases were germinal center B-celllike (GCB) and 97 cases were activated B-cell-like (ABC).
Association between ERCC2 polymorphisms and DLBCL risk
Genotype distributions of ERCC2 gene rs1799793 and rs13181 SNPs were accorded with the HWE test in control group ( GA and AA genotypes of rs1799793 SNP had higher frequencies in the case group compared to the control group, but the difference was not statistical significant ( 
Effects of ERCC2 polymorphisms on clinical characteristics of DLBCL
To certify the effects of ERCC2 polymorphisms for DLBCL risk, we performed subgroup analysis based on the serum LDH level, location, nidus number, B-symptoms, Ann Arbor stages, and immunological type. We found that ERCC2 rs1799793 and rs13181 polymorphisms had no association with serum LDH level, location, nidus number, B-symptoms, Ann Arbor stages, or immunological type in DLBCL patients (Tables 3-8,  P>0 .05 for all).
Discussion
We failed to find any significant association between the rs1799793 genotypes and DLBCL susceptibility. The significantly higher frequency of rs1799793 A allele in the case group compared to the control group suggested that the A allele was positively correlated with 1.928 times increased DLBCL susceptibility. Worrillow et al. suggested that although rs1799793 AA genotype had a higher trend for DLBCL, this SNP had no significant relationship with DLBCL risk in an English population [26] . Meanwhile, El-Din et al. found no significant association between rs1799793 SNP and DLBCL susceptibility in an 
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Egyptian population, despite A allele carriers having a higher trend for DLBCL [27] . Inversely, a recent meta-analysis study showed that rs1799793 was negatively correlated with DLBCL risk under Asn (A) vs. Asp (G) genetic model [28] . These differences might be caused by differences in ethnicity or regions.
In this study, no significant association has been discovered between rs13181 genotypes and DLBCL risk; while an approximately 1.820 times elevated DLBCL risk was associated with rs13181 C allele. El-Din et al. indicated that rs13181 CC genotype carriers had higher susceptibility for DLBCL, but the association was not significant [28] . However, Worrillow et al. demonstrated that rs13181 CC genotype was significantly associated with reduced risk for DLBCL in an English population [26] . In addition, meta-analysis studies also failed to find a significant association between this SNP and DLBCL risk [23, 28] .
We performed the subgroup analyses to certify the influence of ERCC2 polymorphisms for DLBCL risk. Genotype distributions of ERCC2 gene rs1799793 and rs13181 polymorphisms showed no significant difference between different subgroups of patients. Thus, the polymorphisms of rs1799793 and rs13181 did not have an obvious association with the clinical characteristics of DLBCL patients; however, due to the limited sample size, the results needed further verification.
There were several limitations in this study. First, the sample size was relatively small; thus, the statistical power might be reduced. Second, the ethnicity might affect present results. Third, various potential confounding environmental and genetic factors involved in the occurrence of DLBCL were not considered in this current study. Therefore, the conclusions of this study should be verified in further studies with larger sample size. 
Conclusions
